Purpose: to compare two retainer designs for free end removable partial dentures (RPDs) by measuring the patient satisfaction, abutment tooth survival, bone height loss and pocket depth.
INTRODUCTION
A significant challenge is encountered in restoring mandibular free end partially edentulous cases where the edentulous ridge is without a terminal abutment tooth. Due to the difference in the compressibility of the supporting tissues it is difficult to design a prosthesis without damaging these tissues. 1 Partially edentulous patients with loss of posterior dentition can be left with a short dental arch (SDA), restored with fixed implant-supported denture or removable partial denture (RPD). 1-2 Implantsupported prosthesis can be contraindicated in some patients as a result of deficiency of supporting bone, limited finance, or systemic diseases.
Conflicting results have been shown regarding clasp-retained RPDs. Some studies revealed that they can cause damage to the teeth and the supporting structures, [3] [4] others found satisfactory results with clasp-retained RPDs 5 . Some studies reported 90% survival rate after ten years and a decreased rate of loss of abutment teeth. 4, 5 The main advantages of clasp retained-RPD include reduced fabrication time and cost, while compromised esthetic has been believed to be a drawback. [6] [7] RPDs retained by attachments provide better esthetics, restore mastication and protect abutment teeth and residual ridges. Extra-coronal attachments when compared to intra-coronal attachments need less tooth reduction and avoid the risk of pulpal exposure. 8 Also when few or weak abutments are remaining, a great need of free movements of the attachments is necessary to direct destructive forces towards the residual ridge instead of the abutment tooth. 8 Patient's satisfaction depends on several factors including patient's personality and acceptance to RPD, preceding experience with RPD, and RPD design and method of fabrication. 9, 10 Acceptance of RPD is affected by retention, chewing function and esthetics. 11 Dissatisfaction with RPD depends on the possibility of damage of the remaining teeth or oral tissues with caries or plaque accumulation and denture stomatitis. 12, 13 OHIP questionnaire is the most worldwide used questionnaire to measure (OHRQoL). 14, 15 The OES 16, 17 and the CFQ 18 are newly developed to evaluate esthetics and chewing function respectively.
The influence of RPD on pocket depth and marginal bone loss has been studied by some articles. 19, 20 Many studies reported severe periodontal traumas and bone loss, 21 However, in other studies better outcomes or no changes were described. 22 The available articles were almost in vitro studies. However, it is hard to imitate the viscoelasticity of periodontal ligament and mucosa of the alveolar ridge, only analyzing it intraorally can show the actual conditions. Long term success rate of RPDs with careful plan and design are recognized 23, 24, 25 . However, to the authors' knowledge, there are no randomized clinical trials comparing patient satisfaction, abutment tooth survival, bone height loss and pocket depth in attachment-retained versus claspretained RPDs.
Therefore, the aim of this study was to compare these two types of retainers for free end RPDs by assessing the patient's satisfaction, abutment tooth survival, bone height loss and pocket depth.
MATERIALS AND METHODS

Selection of the patients
Twenty-eight partially edentulous patients were selected from the Outpatient Clinic of the Prosthodontic Department; Faculty of Dentistry, MSA University. The patients agreed with a written informed consent and the MSA University ethics committee review board approved the study. The basic inclusion criteria were mandibular class I Kennedy classification partially edentulous patients with first and second premolars remaining as the last abutments. (fig1A) Selection of patients was based on clinical and radiographic examination by means of preoperative panoramic, periapical radiograph and mounted diagnostic casts.
Patient's age ranging from forty-five to sixty with a mean 51 years old, good oral hygiene measures and with adequate interarch space were included. The selected subjects were systemically free from diseases which may compromise bone e.g. uncontrolled diabetes, blood diseases, hypertension, bone diseases and smoking habits. Patients with skeletal jaw discrepancy (angle's class II or III) were excluded. Patients having periodontally affected teeth, bruxers, irradiated patients were also excluded.
Intraoral assessment:
1) Visual assessment:
Oral structures such as the edentulous ridge, tongue, cheeks, lips and palate were examined for any signs of inflammation or ulceration and have been treated prior to prosthetic procedures.
2) Manual assessment:
Further examination of the residual ridge was done using finger pressure, to verify mucoperiosteal firmness, and distinguish flabby tissues, sharp bony ridges, excessive undercuts and ridge discrepancies.
Mounted diagnostic casts:
Maxillary and mandibular primary alginate (CA 37, Cavex) impressions were made for fabrication of diagnostic casts which were mounted on an articulator using tentative jaw relation record (fig2a,b). This was important to evaluate interarch distance especially at the attachment proposed sites to accommodate the future prosthesis. The mounted diagnostic casts have been used as well to assess the antro-posterior jaw relation and to design the RPDs.
After the results of clinical and radiographic examinations indicated that the patient is a candidate for RPD; Patients were randomly assigned into two equal groups (each of fourteen patients). Computer generated random numbers were placed inside an opaque sealed envelope, the participants were asked to select envelope and the number inside this envelope determined which group he or she belonged. Patients of Group-1 were allocated to attachment retained RPD group, while those of Group-2 were allocated to clasp retained RPD group.
Patient's allocation concealment was performed and conventional steps for RPD construction were followed for both groups.
Group 1: An extracoronal attachment was placed at the distal side of the right and left second premolar, where the first and the second premolar were splinted. Group 2: The same design was used with a reversed circumferential clasp and a mesial rest on the right and left second premolar.
Partial denture design was simplified as much as possible to avoid stagnation areas and minimize gingival coverage by retentive components or connectors. Treatment plan was done by the authors (D.A. and W.I.). After preparation of teeth, rubber base (Thixoflex M, Medium viscosity C-silicone, Zhermack, Italy) impressions were made. Pouring of the master casts was done using vacuum-mixed type IV dental stone (Fujirock, GC). The metal frameworks were cast by cobalt-chrome alloy.
For both groups a calibrated dental laboratory fabricated all the dentures. ( fig 1&2) Opposing arches were restored with conventional removable prostheses. Adjustment of occlusion was made and ensured to be uniform and harmonious in both centric and lateral movements. All patients were instructed regarding oral hygiene and periodic follow up.
FOLLOW UP
I Patient satisfaction
Patient satisfaction includes general satisfaction and satisfaction with chewing capability and esthetics were measured using a questionnaire. The OHRQoL was evaluated using the OHIP-14 questionnaire 26 The evaluation was done using Likertscale with score which ranges from 0 to 4. Thus, the maximum score was 56 and the minimum score was 0. Higher score corresponds to more unsatisfactory results. The Orofacial Esthetic Scale (OES) 27 which consists of 8 items was used for assessment of orofacial esthetics. Likert scale ranges from 1 to 5 (1 = complete unsatisfaction; 5 =complete satisfaction): the total scores ranged from 1 to 40. High scores show increased satisfaction with esthetics. The Chewing Function Questionnaire (CFQ) was utilized to evaluate the chewing function of patients 28 which consists of 10 items. Patients evaluated their chewing function using a Likert scale which ranges from 0 to 4. High scores showed unsatisfactory chewing function. The minimum score was 0 and the maximum was 40. Patients finished the questionnaires during their first visit to the clinic and then 6 months after receiving their new RPDs.
II survival rate
The terminal abutments survival was evaluated throughout a 24 months follow up period (fig3A-D).
III Radiographic evaluation
Standardized periapical radiography was achieved using digital periapical radiograph with paralleling technique. Radiographs were recorded by the same radiographic machine (Orix X-ray machine) and exposure parameters. Comparison of the radiographs was done regarding the marginal bone height.
The exposure protocol:
All patients were instructed to remove any metallic objects that may cast radiopaque shadows on the radiograph. They were instructed to wear a lead apron for protection from radiation (fig4C).
The indicator arm and aiming ring were assembled and the image plate was placed in disposable sleeve. (fig4B) then the long cone of x-ray machine (Orix70, 70 KV, 8 mA, Italy) was fitted to the aiming ring. (fig 4C) .
In all radiographs; the exposure time (0.08 second) was fixed for all patients and the image plate was placed in the vista scanner (fig4a) to have a digital image which was analyzed on the monitor of the workstation.
The Digital images were used to analyze and evaluate marginal bone height changes (linear analysis):
The DBSWIN software was used for assessing mesial and distal marginal bone height around the abutments at time of prosthesis insertion, twelve months and 24 months thereafter.
The distance from the apex of the abutment to the alveolar ridge crest was measured, where a line was drawn tangential to the abutment apex and another line parallel to its long axis (Fig.4D) . The mean value of both mesial and distal readings was taken, tabulated and statistically analyzed.
IV pocket depth
For the terminal abutments; measuring the probing pocket depth was performed at six sites for each tooth (mesio-buccal, buccal, disto-buccal, distolingual, lingual and mesio-lingual) by the William's periodontal probe (fig4E) at time of prosthesis insertion, twelve months and 24 months thereafter.
Data handling and Statistical Analysis:
Data were statistically described in terms of mean ± standard deviation (± SD), median and range when appropriate. Comparison of % change of QOL scales among the studied groups was made using Mann Whitney U test for independent samples. Wilcoxon signed rank test for paired (matched) samples was used for within group comparison of QOL scales between before and after treatment. 
RESULTS
Thirteen patients in each group completed the study period as two patients have dropped out. One patient died and the other didn't adhere to the follow up schedule.
I. Patient satisfaction
Regarding patient satisfaction for all the three questionnaires, mean and standard deviation were calculated for the percentage of change between the study groups at base line and 6 month after treatment as shown in table (1) and figure (5) . Better results were recorded in the attachment group than in the clasp group (i.e., increased OES and decreased OHIP-14 as well as CFQ after-treatment percentage of change), the results of Mann-Whitney U test for independent samples presented a significant difference in OHIP-14 (P= 0.002) and OES (P<0.001) while no significant difference in CFQ between both groups (P=0.191) was revealed.
Within group comparison of QOL scales between before and after treatment are presented in table (2) Better results were recorded using the three questionnaires in the attachment retained RPD group and the clasp retained RPD group. Using Wilcoxon signed rank test, significant difference between before and after treatment scores in OHRQoL, OES and CFQ questionnaires in the clasp retained partial denture group with P value = 0.001, 0.001 and 0.003 respectively was found. Regarding the attachment retained RPD group, there was a significant difference between before and after treatment scores in OHRQoL, OES and CFQ questionnaires with P value = 0.001 for the three questionnaires. 
II. Survival rate
The 24 months' survival rate of terminal abutments in clasp retained RPD group was 100%while for attachment retained RPD group was 84.6%. A non-statistically significant difference between groups (P value=0.149) was found. fig 6,7 
III. Radiographic Evaluation
For the two groups, mean change percentage was calculated. For the two groups, Independent t-test was used to compare bone height, and insignificant difference was found (P-value > 0.05), table (3), fig (8 ). After mean change percentage calculation, significance between groups was calculated using t test, and a significant difference was found between groups at baseline-twenty-four month's interval (P-value < 0.05), table (4), figure (9) . One-way analysis of variance (AVONA) then Tukey`s post hoc test for multiple comparisons was used to evaluate effect of time on bone height change percentage for each group, it was revealed that there was overall significant difference for both groups between (Baseline-Twenty-Four Months) as (P-value = 0.0001), listed in table (4) and shown in figure (9) . In addition, there was insignificant difference between Baseline-Twelve Months (P-value = 0.2187) and between Twelve-Twenty-Four Months intervals (P-value = 0.299) for both groups, listed in table (4) and shown in figure (9) .
Pocket depth
A non-statistically significant difference was found between groups in percent change of mean probing pocket depth in the terminal abutments from base line to one year (P=0.4), baseline to 2 years (P=0.05) as well as from 1 year to 2years(P=0.3). 
DISCUSSION
Although various treatment options are offered by implant therapy, still RPDs are the treatment of choice in partially edentulous patients with missing posterior teeth. 29 Therefore, assessing outcomes with RPDs is very important and should not be ignored in relation to studies related to dental implants.
A properly designed RPD should prevent the destructive rotational movement around terminal abutments encountered in distal extension RPD which results from the difference in the displacements of the supporting tissues. 30 It has been reported that at least two abutment teeth should be splinted when attachment RPD are used in order to make the stress patterns more favorable. 31 In the present study, the first and the second premolars were splinted.
Resilient attachments have been reported to transmit more forces on the edentulous ridge and less forces on the abutments where the semi-precision produces the most favorable stress pattern 32, 33 . A semi precision resilient extracoronal attachment was selected for this study to evade the abutments from unfavorable forces. 34 Outcomes related to patients are extensively used in the evaluation of treatment results 35 The OHIP is used for assessing the seven elements of OHRQoL. 36 The OHIP-14 questionnaire is used in the assessment of the RPD in relation to physical, psychological and sociological factors. Chewing function is assessed using CFQ and Orofacial esthetics is evaluated using OES. It has been proposed that loss of denture retention of the dentures and impaired chewing ability can cause dissatisfaction. 37 Other studies showed that improved aesthetic is more important than function. 38 39 When compared to base line, better after treatment outcomes were observed in both the claspretained and the attachment-retained RPDs groups which can be attributed to successful outcome of RPD therapy in both groups. Nevertheless, better results were recorded in the attachment-retained RPD group when compared to the clasp-retained group with a significant difference in OHIP-14 (P= 0.002) and OES (P<0.001) while there was no statistically significant difference in CFQ between both groups (P=0.191) This is in agreement with the results of a previous study 40 which showed patient's satisfaction of (93.8%) with RPDs retained with attachments compared to those retained with clasps (58.7%). In addition, similar results were recorded in a study 41 showing better results with attachment retained RPDs.
A non-statistically significant difference was reported in this study in the abutment survival rate between attachment retained RPD group and clasp retained RPD group (P value=0.149), however two patients have lost one of their terminal abutments in attachment retained RPD group.
Also, a statistically non-significant difference was found in mean probing pocket depth of the terminal abutments in both groups, however the values of pocket depth were higher in patients with RPD retained with attachment. Therefore, the periodontal status of the attachment retained RPD may be the cause of the abutments failure reported in the attachment group. This finding is not in agreement with other studies which reported higher values of all periodontal parameter as BOP, PD, PI, CI, TM in patients with RPD's retained with claps compared with RPD's with attachment. 42, 43 Regarding bone height, a significant difference was reported in this study between both groups at baseline-twenty-four month's interval (P-value = 0.0001) in which more bone loss was found in the distal abutments of the attachment group which may also explain the abutments loss in this group.
Thus, despite of the non-statistically significant differences, a clinically significant difference was revealed, so further studies are required with larger sample sizes and longer follow up periods.
CONCLUSION
Within the limitations of the present study, all patients have shown improvement in OHRQoL, esthetics and chewing function after treatment with RPDs with better results in the attachment retained RPD. However, regarding the terminal abutment survival, mean probing pocket depth and bone height change, clinically significant better results were revealed in clasp-retained RPD compared to attachment-retained RPDs.
